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(& \\\ \ ABSTRACT subprovince is a broad, east-northeast-trending anticline with anomalies to this overall pattern exist due to certain geologic
sﬁamovmcm i . . large structural relief that extends from central Orqgon into structures of uncertain nature and due also to heavy pumping
- KOlympia Ground-water-level contour maps for three major aquifers the southeast corner of Washington. The anticline is cut by in some areas. Newcomb (1961) cited lateral flow impedi-
\\\\ of the Columbia River Basalt Group and for the major portions a series of north-to-northwest-trending faults that are nearly ments resulting in upward flow caused by faulting in the
o W% TR | of the saturated overlying materials in Washington State were vertical. Beneath the basalts, the core of the anticline is basalts for locations near Walla Walla and in the Cold Creek
@) . B 2 constructed .using water levels measured at about 1,100 wells composed of folded, faulted, and metamorphosed rocks of syncline east of Yakima in Washington. and southwest of the
E during spring 1983. Additional data were obtained from other late Paleozoic and Mesozoic age. Dalles in Oregon. More recent work by the Survey (Frank
U.S. Geological Survey studies in the area and by other indirect ) A. Packard, written commun., 1984) has investigated an area
z <= methods. Configuration of the ground-water-level contours is In the project area, land-surface features tend to reflect of the Horse Heaven Hills in Washington, where wells tapping
- controlled by (1) distribution of natural and man-induced the underlying geologic structure. The mountains are generally the Wanapum Basalt are artesian, but approximately 2 miles
e recharge and discharge, (2) hydraulic conductivity distribution anticlines and the valleys generally synclines, and in the downgradient to the southeast the water levels are approxi-
cOLUNS 5 in the system, and (3)pumpage. Upgradient flexures of water- Palouse subprovince north of the Snake River the basalts mately 340 feet lower. The vertical head gradient is upward
R, ORE level contours north of Connell, Washington, show effects of have a gentle southwesterly dip slope, parallel to land surface, northwest of the impediment and downward southeast of the
'\\ /’ BLUE MOUNTAINS Y, ! prolonged irrigatifmll) pumpag;e{, and downgradient ﬂexur;s in toward the south center of the project area. impediment.
——————— \ ‘ th of Potholes Reservoir in the vicinity of the ; ; : ;

/\ e SUBPROVINCE ~. S Egstafg WS(I)?rigation s e incclrnelged L The basalts and m'ferbeds comprise the regional aquifer More recently, ground-water pumping for irrigation has
7/ / : system of the Columbia Plateau. In general, changes of disturbed the regional pattern. The effects of pumping on

=S S 0 ® = induced recharge. hydraulic head occur with depth at any given location. In ;
\/ Y, } 7 I : ) S ground-water level contours can be seen in the Connell,
° ” this study, the regional multiaquifer system has been con- Wash., area, which extends from near Connell in a northerly

EXPLANATION

_____ Approximate boundary of informal subprovinces.

m Extent of study area.

Figure 1,.— Location of study area and informal geologic subprovinces of the Columbia Plateau.

INTRODUCTION

The Columbia River Basalt Group underlies about 25.000
square miles of Washington State (fig. 1 on plate 1). Within
much of this area, aquifers in the basalts are the principal
source of water for irrigation, stock, rural domestic, and
municipal use. The economy of the area is largely dependent
on irrigated crops. Reconnaissance-level studies undertaken
in recent years in parts of the Columbia Plateau in Washington
State have indicated locally high sodium concentrations in the
ground water. [Irrigation water with high sodium content
relative to calcium and magnesium tends to disperse the clays
within the soil structure, which can lead to a decrease in soil
permeability and cause irrigation water to be retained at the
surface, away from plant roots where it is needed. Soil
crusting, or hardening upon drying, can also occur.

In March 1982, the U.S. Geological Survey, in coopera-

ceptualized as consisting of four major aquifers corresponding
to the three upper basalt formations and the sedimentary
overburden materials. The water-level contours presented for
an aquifer are intended to represent the vertically averaged
areal hydraulic head distribution for that formation, insofar
as the data permitted.

Within the study area, the Columbia River Basalt Group
is composed primarily of the Grande Ronde, Wanapum, and
Saddle Mountains Basalts. The Grande Ronde Basalt under-
lies virtually all of the study area and is exposed mainly
along the plateau margins and in the canyons of the Columbia
and Snake Rivers near the central part of the study area. Its
thickness ranges from a few feet along the northern margin,
where it pinches out against the older rock, to at least 4,000
feet and perhaps as much as 9,000 feet in the central and
southwest parts of the study area. The Grande Ronde Basalt
is composed of at least 30 and perhaps as many as several

direction towards the Odessa-Lind area (plate 3). The area
shows a large upgradient bending or flexure of the contours,
typical of lowered water levels.

The relation that surface-water bodies have to the
ground-water flow system is also shown on plate 3. Down-
gradient flexures of the waterdevel contours near lakes and
streams indicate flow into the aquifer, the upgradient
flexures indicate ground-water discharge to lakes and streams.
Both phenomena are found in the north-central and northeast
parts of the study area, which include numerous lakes.
The streams and lakes of the Channeled Scablands, in the
northeast part of the study area, appear for the most
part to be draining ground water from the Wanapum
Basalt. Water-level contours near Crab Creek Valley, the
Palouse Canyon, the Columbia Gorge, the Snake River
Valley,and Grand Coulee indicate major ground-water drains.

tion with the Washington State Department of Ecology, hundred individual flows of mainly aphyric texture. Sedi- Steep water-level gradients are depicted on the flanks
initiated a 2}-year study of the Columbia Plateau in mentary interbeds within the Grande Ronde Basalt dre rare of the Horse Heaven Hills, Frenchman Hills, Rattlesnake
Washington to define the spatial and temporal variability of and generally are only a few feet thick where present. These Hills, and Saddle Mountains anticlines. Wherever there are
dissolved-sodium concentration in the ground water of the interbeds, as is common with virtually all the interbeds in the water-level data from locations on the flanks of anticlines
Columbia River Basalt Group and to relate this to the ground- Columbia River Basalt Group, range in composition from and in other areas where the basalts are steeply dipping,
water flow system and its geologic environment. This report clay to sand and gravel. A sedimentary interbed (called the lateral water-level gradients appear to be approximately equal
is one in a series of three that. collectively, describes (1) the Vantage Sandstone Member of the Ellensburg Formation in to or slightly less than the structural gradients. This
T.20N. T.20N. ground-water flow system, (2) the geologic framework, and the central area) lies between the Grande Ronde Basalt and phenomenon is assumed to hold in similar areas where there
(3) the occurrence and quality of the ground water under- the overlying Wanapum Basalt in much of the study area. is a lack of data. Water-level contours were drawn accordingly.
lying the Columbia Plateau in Washington State. Where present, this interbed averages about 25 feet in Tehaitats 35 tandniiead teokions on e wate
: _ ) : thickn fi ly 0 to 100 feet . o o it
This report illustrates a.nd de.scnbes the spring 1983 SRS URtalzes tiom Redily kg level configuration are shown by the downgradient contour
configurations of the potentiometric surfaces for (1) the The Wanapum Basalt underlies most of the study area flexure just below Potholes Reservoir, between the 1,100- and
Grande Ronde Basalt, (2) the Wanapum Basalt, (3) the and is exposed or is covered by only a veneer of sedimentary 800-foot contours, where the large East Low Irrigation Canal,
Saddle Mountains Basalt, and (4) the overlying unconsolidated or colluvial material throughout most of the northern half which is part of the Columbia Basin Irrigation Project, runs
materials and consolidated sediments. of the study area. In the southern half, the Wanapum Basalt along the downgradient flexures.
T T T I, is generally covered by thick sequences of sediments or by W T m——— £ the W
o f-wa o clon e & Ill rl 4 " geic the Saddle Mountains Basalt, or both. The Wanapum Basalt ater levels in the deeply buried parts of the Wanapum
. ollowing information: .( ) g;ound-water-eve ata obtained averages about 600 feet in thickness, ranging from a few feet and Grande Ronde Basalts show significant differences, even
47 L a7 from about 1,100 wells in spring 1983, when water levels are Here i 6 . " though there are much fewer data to establish water-level
¢ thely sessonaliliBh pilby o simmer gusing, (2) where it pinches out against exposures o the Grande Ronde " Where data d ist i th N il
é by 4 PO - pG p g’ Basalt to more than 1,600 feet in the southwest part of the ST IFEE GIc data 6o Exist, 4 i We south-central part
F;O 01510511( deBe)I’{ StCul' 1€8 negfllf{gcc?dmp ethf} t( .B. Deeter, study area. The Wanapum Basalt may contain as many as 10 of the plateau, water-level contours appear to be less in-
A. Packard, D.R. Cline, and RC. ane, written commun., flows. Most Wanapum Basalt flows are medium grained and fluenced by the smaller surface dramage features, and
1984), and (3) previous studies (Prych,1983; MacNish and slightly to moderately plagioclase-phyric. Sedimentary inter- consequently have a smoother form. This can be seen on
Barker, 1976; Tanaka and others, 1974; U.S. Geological ; . \ - lates 3 and 4. The “smoothing” is due, at least in part, to
o - MG isas 18- beds in the Wanapum Basalt are more common than in the P : & ’ P
urvey, ; Luzier an rivan, ; Brown, 1981; Grande Ronde Basalt, but are still rather rare and generally the'fact that recharge to gnd d1sqharge from the deeply
Barker, 1979; and Wilbur, 1983). only a few feet thick where present. A sedimentary buried basalts occurs by mainly vertical leakage to and from
interbed (informally called the Mabton interbed of the th.e overlying basalts, r.ather thap by direct physical contact
ACKNOWLEDGMENTS Ellensburg Formation) lies between the Wanapum Basalt and with surface-water bodies or drainage features.
the overlying Saddle Mountains Basalt in the southwest part
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wells is gratefully acknowledged. : REFERENCES
The Saddle Mountains Basalt is found mainly in the
southcentral part of the study area, where it is either Barker, R. A., 1979, Computer simulation and geohydrology
exposed at the land surface or is covered by sediments. The of a basalt aquifer system in the Pullman-Moscow basin,
GEOLOGIC AND HYDRLOGIC FRAMEWORK Saddle Mountains Basalt averages about 600 feet in thickness Washington and Idaho: Washington State Department of
LN A ~ ; in the south-central part of the study area, with maximum Ecology Water-Supply Bulletin 48, 119 p.
| e _l__.__ The Columbia Plateau is underlain by the Columbia thicknesses of more than 800 feet near Pasco, Wash. The B W.R.. 1 ;
| _ ! i ] ; . : rown, W. R., 1981, Results of the separations area ground-
i . i : River Basalt Group, a complex series of layered basalt flows Saddle Mountains Basalt flows vary greatly in texture and water monitoring network for 1980: Rockwell Inter-
Z1 A I ... e o = | | with relatively minor amounts (when considered on a regional composition. Sedimentary interbeds in the Saddle Mountains national, Inc., 77 p :
—— ‘*’ -8 ' > scale) of interbedded sediments, all of Miocene Age. The Basalt are common and rather thick, commonly 50 feet or _ - =0 _
¢ ( ‘ | ] \ |l { lowest part of the plateau, both topographically and . Lu21er_, J.'E.,and Skrivan, J. A., 11973_, Digital sunglatlon and
' 'SJYAKE AT ‘ ' ‘ / \ | L_ __tgi i structurally, is near Pasco, Wash. The overlying sedimentary 8:103“'“1‘0_“ dOf water-level defl\;fnesh.lm basalt aqulfGers 1°f th‘;-
; = Ol ' k = i materials are of Pliocene to Holocene Age. Along the margins essa-Lind area, east-central Washington: U. S. Geologica
of e s (MLl (G sieduin by idimentary, GROUND-WATER LEVEL CONFIGURATION Survey Open-File Report, 56 p.
frn ett:;amor%mc, aln d thgrapi:ic_ roctlkcls (Precamfbrilan tg ;aa'rly The configuration of the ground-waterdevel surfaces MacNish, R. D., and Barker, R. A., 1976, Digital simulation
erk ry %e). 11112 e in Znor, 113. nzzicl;ftcahol t'e under ylfng for fhe three basalt unlis and fot the overburden ate showt pf a basalt aquifer s.ystem, Walla Walla River basin, Wash-
rgc . 1sdno e }rllown.. fgenera £ 5V Nalogs section ot on plates 1 through 4. The overburden is generally in direct ington and Oregon: Washington State Department of
the study area is shown in figure 2 on plate 1. hydraulic communication with the immediately underlying Ecology Water-Supply Bulletin 44, 51 p.
EXPLANATION Individual basalt flows range in thickness from a few basalts. Where thigk enough,the: overburden materials compose Myers, C. w., and Price, S. M., 1979, Geologic studies of the
inches to about 300 feet. The structure of an individual a water-table aqu1fer. and provide ground water for domestic Columbia Plateau, a status report: Rockwell International,
flow generally consists of three sections (fig. 2). From and stock use and in some places for irrigation. Rockwell Hanford Operations, RHO-BWI-ST 4.
=500~ Ground-water-level contour showing approximate :)h(:tg;nwt?otop'lfl}::yb:srgl: Cg};ncn(;lggn:g;rgglen;ag lazl:cr'z;lflzg The ground-water surface in the Saddle Mountains Newc?mb,dR. C..,19?11, gtolfag; of goun% Waiter\geh}ilr_ld sub-
altitude of water surface. Datum is sea level. il thl?.kn - ’l . lyh 19t _ Basalt appears roughly to parallel land surface where there is surface dams in t te olumbia River Basalt, Washington,
he flow thic Fss’ consists of nearly vertical three- to eight- little or no overburden. This is particularly noticeable at the Oregon, and Idaho: U.S. Geological Survey Professional
Extent of overburden zlgelcilncoz:?&m:;nggmd byf ﬁ?‘ﬁﬁwjmqu du,lfglg_tg‘? ‘séo“{ higher elevations, where there are greater amounts of pre- Paper 383-A, 15 p.
_— . ' colou mr%s ———e . °‘t‘ g s eer:or : de215n ;v;tuﬁl cipitation and probably more recharge. Water levels in Prych, E. A., 1983, Numerical simulation of ground-water
10N, o Well finished only in overburden . 1 e aEr;e co?t:l i utarrll) e;ma? . = X shallow wells in these areas typically are only a few tens of flow in lower Satus Creek basin,Yakima Indian Reservation,
Gl - gth, i e 2 c:use | bc dy tr 2o i JomE feet below land surface. The lateral ground-water flow in Washington: U.S. Geological Survey Water-Resources
1(::;3}‘; g;esoezt = mgr?)s;se A )éolll:mf;:;a g; dccz)lovlens%éu?:; this basalt is generally toward major surface-drainage features, Investigations 824065, 78 p.
zone may be present above. The entabI;ture, generally blftt th:é@atarq nctlm;erous lgc?l \;ag::logs w?ere ts}rlnag ;gld Tanaka, H. H., Hansen, A. J., and Skrivan, J. A., 1974,
comprising 70 percent of the flow thickness, consists of LV gl oostia o ARt BLORIB T s Lalehe i AoEs s lEi Digital-model study of ground-water hydrology, Columbia
SCALE 1:500,000 small-diameter (averaging less than a foot) n o £ Mountains Basalt. This pattern of local variations occurs for Basin Irrigation Project area, Washington: Washington
gIng o soumnsin Ban- the Wanapum Basalt and for the Grande Ronde Basalt where X -
0 10 20 30 ShINMIEES shaped arrangements. The presence of irregular cross-jointing they ate not overlain by the younger basalts or by a great Department of Ecology Water-Supply Bulletin 40, 60 p.
= — === = produces a hackly or friable structure. At times the upper ; ¥ youle yasg U. S. Geological Survey, 1975, Water resources of the
10 0 10 20 30 40 50 KILOMETERS X : k thickness of overburden. (Plates 1 through 4 also show the Lo ey eeids
Ee=m=n=n= T = — part of the entablature is vesicular. The flow top (sometimes S ; : : Toppenish Creek basin, Yakima Indian Reservation, Wash-
lled the IterBag generall diints of wedeular Baslt extent of the formations) Otherwise, flow in the Wanapum ; ) ’ Skl
:nde . I(:er ae;d 0::, geeS :byu ;:ol (s) se oen:e51?u Slr :15;1 ; and Grande Ronde Basalts is controlled less by local surface- ington: U.S.Geological Survey Water-Resources [nvestigations
Wl f, ; f?rag Th 4 t perc bl g " ; otd drainage patterns and more by the major rivers. streams, and 42-74, 144 p.
Cenessio :usmglhe (f)]w. te mo}sl ;;enneilh eve: ;rl;ltearm.g coulees. Within the Palouse subprovince north of the Snake Wilbur, J. S., 1983, Water-table measurement data maps—
zone lﬁ ulsu y the blow T}(l)plw et . 8 ted I: 2 . lérinlci River the regional ground-water flow is generally to the December 1982: Richland, Washington, Rockwell Inter-
ERlietal § WS POVHICARy. ILIERRNGIRL, JOIICC SUIUCIUE southwest, roughly paralleling the regional dip slope of the national, H-2-38396 Rev. 14, 3 sheets.
permeability disbribution induce primarily lateral ground-water basalts. Regional discharge is to the Columbia and Snake
Glaciofluvial, fluvial, lacustrine, movement in the flow tops and V6rtiCall movement through Rivers. In the Quincy Basin (between the Columbia River
- eolian, and ash fall materials ey ) ——— the fractures of the colannade and entablature. and Potholes Reservoir within the Yakima Fold Belt sub-
. Saddle Pt 5 Flow top E,""“b«“*f E|__91N_1’(_)E___ 4 The Columbia Plateau in Washington can be subdivided province), ground-water movement in the Wanapum Bagalt is
3| a| Mountains Flow center \ into three informal structural subprovinces, according to toward Moses Lake and Potholes Reservoir. The dominant
& | 2| Basalt , Myers and Price (1979): the Yakima Fold Belt subprovince, pattern in the Yakima Fold Belt, however, is ground-water
=2 Sedimentary Flow base N ENTABLATURE the Palouse subprovince, and the Blue Mountains subprovince movement downward from the anticlinal axes toward the
2|3 = interbed Interbed < Z21 (fanning columns) (fig. 1). The Yakima Fold Belt subprovince is characterized streams and rivers lying within the intervening synclines.
- anapum = flow top = by long, narrow, tightly folded anticlines and broad inter- P P
03 9| Basalt { / ves;ling gsynclines trgndii,lg in an easterly to southeasterly ey areas,water:table condlqons qxlstm i Vg
o I - { s : : most basalt flows, but owing to the wide difference between
2 g Sedimentary F ) direction from the western margin of the plateau toward its the horizontal and vertical hydraulic conductivities, the deeper
Cle interbed low center HrSEypg center. The folds are generally asymmetrical with the steeper if f the Columbia River Basalt Gri ' all
8| %| Grande limbs to the north. Most of the major faults associated WS o e camin B DRGSR BL ey
'E >| Ronde FI PR — o — with anticlinal fold axes are thrust or reverse faults and are S e e L Sleel i tnnael s
= Basalt L] Plow base LT B COLANNADE babl ith the foldi North flow-center rock units compose the semi-confining beds for
5 =8 Ui Flow top i (Blocky joints) prot}il y contér'leporﬁneous i td‘? v mgf: 1d - We“'t?' the underlying flows. The hydraulic connection between
- O [Tpre-Yakima basalt subgroup (Platty joints) northeast-trending shear zones and minor folds commonly flows is sufficient to allow some continuous vertical move-
“B ” Pre-Columbia River L Ledediddalada)d (Vesicular base) tﬁmsect 'th?l bmajor fOldSl. . The hPaloufﬁ SprﬁVlﬂth 15 ment of water between them. From the water-level data, it
asement” rocks  hasalt group g ?lzaizzrslzai : by 1reg1a?1na dllP; iootf srzoal:lerwe:;ttl)er ;;i i g‘; appears that over most of the plateau, the vertical component
i) s 8 YRassiid SNUmBeln0 » 8 ! of flow is downward except near discharge areas. A few
= A= northeast and northwest orientation. The Blue Mountain
% 7 I'f ood Jif
s f Figure 2.— Generalized lithologic column for the study area with idealized basalt interflow structure and
5 ’ conceptualized ground-water movement (thickness of arrows indicates relative magnitude of flow).
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